
















Table 2. Sex of young-of-the-year (y-o-y) walleye collected in fall 1988, from Minnesota 
rearing ponds, and temperature units (degree-days above 0° C) accumulated during 
the 17-d-old to 77-d-old age interval. 

Spawn Stocking Temperature Y-o-y walleye sexed 
Pond Locationa source a date units No. % males 95% c. I. 

Lunde DL DL 3 May 1333 200 46 39-53 
Bradbury FF FF 5 May 1456 194 63 56-70 
Pepin WV GM 16 May 1549 195 77 72-83 

a Minnesota DNR Fisheries Management Area Headquarters: 
DL Detroit Lakes, MN 
FF Fergus Falls, MN 
GM Grand Marais, MN 
WV Waterville, MN 

graphs, but this would not have changed the 
relative rearing temperature relation of the 
three ponds in Table 2. For this reason, the 
temperature units shown in Table 2 should 
be relative! y accurate in representing the 
temperature units experienced by the devel
oping walleye. This further supports the 
positive relation between temperature units 
and sex ratio. 

Comparing pond temperature records 
during a common calendar interval may 
reveal the potential scope for the control of 
sex ratios by ponds. From 20 May through 
2 July 1987, temperatures in the 13 moni
tored ponds ranged from about 14 ° C to 
about 27° C. The Waterville ponds (south
ernmost area) were usually warmer than the 
Detroit Lakes ponds (northernmost area) by 
2-3 ° C. Temperatures of ponds in the 
Fergus Falls Area were usually intermediate, 
but closer to those for Detroit Lakes, a 
pattern reflecting geographic locations. 
Temperature units for the same period, 
when averaged for the ponds in each area, 
also reflect locations; final Waterville Area 
values (950 degree-days) exceeded those for 
Detroit Lakes (863 . degree-days) by about 
10%. 

The temperature records obtained in 
1988 with continuously recording thermo
graphs may be compared from 28 May 
through 31 July (Figure 1). Lunde, the 
northernmost pond (Detroit Lakes Area), 
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was consistently the coolest, as expected, 
beginning day 160 (8 June). Pepin, the 
southernmost pond (Waterville Area),. was 
generally the warmest, as expected, begin
ning day 170. Prior to 8 June Bradbury 
Pond (Fergus Falls Area) was warmest and 
Pepin Pond was coolest, indicating that 
latitude alone does not control pond temper
ature. Bradbury Pond may have stratified 
soonest, permitting the most rapid warming 
of the epilimnion. Pepin Pond has the 
greatest depth and surface area of the four, 
and its stratification may have been relative-
1 y delayed, causing delayed warming. Stam
mer Pond (Glenwood area) and Lunde Pond 
are the shallowest and did not achieve stable 
stratifications. Temperature units accumu
lated by these four ponds during the same 
period are shown in Figure 2. The plots 
from Lunde and Pepin ponds diverge and 
have values consistent with their location at 
latitudinal extremes. The plots for Bradbury 
Pond and Stammer Pond are reversed from 
what might be expected based on their lati
tudes, again demonstrating the influence of 
basin morphology and stratification. 

Forty rearing ponds in four fisheries 
management areas provided sex ratio data 
for the rearing pond survey (Table 3). Data 
from the above treatments were included. 
Sex ratios were determined for a total of 69 
pond-year collections taken from 1983 
through 1989, though sample sizes were 
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Figure 1. Daily mean temperatures in four rearing ponds, 28 May-31 June 1988. 

sometimes smaller than desired. Table 4 
presents the percentage of y-o-y walleye 
identified as males, and the results of chi
square tests for goodness-of-fit with a 1: 1 
sex ratio. Sixteen collections had sex ratios 
that differed significantly from 1: 1 (x2 > 
3.841 = x2

.05,1), ranging from 29% to 42 % 
males in three collections and from 61 % to 
89 % males in 13 collections, Twelve ponds 
were sampled in more than one year; sex 
ratios of four were heterogeneous among 
years (P(x.2

) < 0.05), indicating that annual 
sex ratios were dissimilar (Table 5). Sex 
ratios were also heterogeneous among col
lections grouped by pond management area 
and spawn source (either local or a more 
northern management area). For this rea
son, it was not proper to compare these 
groups statistically. Pooling all collections 
together, a total of 9,966 y-o-y walleye were 
sexed, yielding 53.01 % males. Heterogene-
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ity of sex ratios among the individual collec
tions made it improper to test the pooled 
data for goodness-of-fit with a 1: 1 ratio. 

Analyzing Olson's (1968) data in a 
similar way facilitated comparison. He 
sexed y-o-y walleye collected from 23 ponds 
over three years (1963-1965). Males signifi
cantly outnumbered females in 18 of the 36 
collections. Females never significantly 
outnumbered males. Sex ratios differed 
significantly among years for six of 12 
ponds sampled in more than one year. 
Sexing 5,710 fish yielded 61.9% males 
overall. The pooled data were not tested 
further because of heterogeneity among the 
collections. 

Glenn and Mathias (1988) had sexed 
y-o-y walleye taken over three years from 
26 culture ponds in two states and four 
provinces. After correcting one ratio from 
a Minnesota pond and applying the Yates' 
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Figure 2. Cumulative degree-days over time in four rearing ponds, 28 May-1 July 1988. 

continuity correction to all collections, re
analysis showed that females significantly 
outnumbered males in [three] [3] of their 31 
collections and males never significantly 
outnumbered females. Sex ratios were not 
heterogeneous among collections (x2 = 
41.69; df = 30; P = 0.076), thus the col
lections were pooled and tested as a single 
population. The overall result, 48 .2 % males 
from 2, 164 fish sexed, was not significantly 
different from a 1: 1 sex ratio (x2 = 2.599; 
df = 1; p > 0.10). 

Five large lakes in Minnesota that 
maintain walleye populations by natural 
reproduction (Table 6) provided y-o-y sex 
ratio data from 1983-1989. Males were 
significantly more numerous in three of the 
26 collections, but neither sex predominated 
in the rest (Table 7). Heterogeneity among 
collections grouped by lake, gear, or year 
made it inappropriate to test the groups' 
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pooled sex ratios for goodness-of-fit with a 
1 : 1 ratio. Sexing a total of 3, 87 4 fish 
yielded 52.61 % males, a figure nearly iden
tical to that :from ponds. 

The sizes of male and female y-o-y 
walleye differed within some of the collec
tions taken during 1983-1989 from Minne
sota rearing ponds. Mean total length of 
females significantly exceeded that of males 
in 10 of 67 pond-year collections tested 
(Table 8). Mean weight of females was 
significantly higher than mean weight of 
males in 8 of 62 collections tested and sig
nificantly lower in one collection (Table 9). 

Discussion 

Histology of 12 gonads confirmed that 
my identifications of them based on morpho
logy were accurate. The perfect agreement 
among Olson, Jenniges, and me tends to 



Table 3. Minnesota rearing ponds for which sex of young-of-the-year walleye has been 
identified. 

Pond Surf ace Maximum 
number Pond name Locationa area (ha> depth Cm> 

1 Thompson Spicer 12.2 1.8 
2 Mortenson Spicer 4.1 3.7 
3 Henry Spicer 77 .0 2.4 
4 Lindgren I Spicer 30.4 2.1 
5 Chesness Spicer 2.8 3.0 
6 Monson Spicer 17.0 2.7 
7 Fields Spicer 8.1 2.7 
8 Lindgren II Spicer 28.4 1. 5 
9 NL Pond 7 Spicer 1.9 1. 5 

10 NL Pond 8 Spicer 1.9 1.5 
11 Anderson Spicer 4.9 1.8 
12 Doll Spicer 1. 6 3.0 
13 Everson Spicer 4.1 1.8 
14 Golden Spicer 24.3 6.1 
15 Church Spicer 24.3 3.0 
16 E. Sibley Spicer 6.1 1.8 
17 Just Spicer 55.5 4.0 
18 Schack.man Spicer 24.3 .5 
19 Allen Spicer 32.4 • 5 
20 Wohl in Spicer 12.2 2.7 
21 E. Eagle Fergus Falls 2.8 2.1 
22 Bradbury Fergus Falls 6.5 3.7 
23 Grass Fergus Falls 8.1 5.2 
24 Dar ow Fergus Falls 6.1 4.0 
25 Helgeson Fergus Falls 41.3 5.5 
26 Babcock Fergus Falls 3.6 4.3 
27 Rankler Fergus Falls 20.3 3.7 
28 Monson Fergus Falls 4.1 4.6 
29 Dewey Detroit Lakes 8.9 2.7 
30 Lunde Detroit Lakes 11. 7 2.1 
31 Miller Detroit Lakes 3.6 3.7 
32 Clear Waterville 113. 8 1. 5 
33 Armstrong Waterville 50.6 1.8 
34 Pepin Waterville 163.2 3.7 
35 Bishop Waterville 10.9 1.2 
36 Abby Detroit Lakes 115. 8 3.0 
37 Wood Waterville 23.1 0.9 
38 Frank Spicer 54.7 2.1 
39 Sperry Spicer 62.0 1.2 
40 Carlson Spicer 12.6 1. 5 

a Minnesota DNR Fisheries Management Area Headquarters. 

confirm their accuracy and Olson's ( 1968) 
data. The large lake sex data in this study 
have not been verified histologically, but I 
believe that they are similarly accurate. 
However, because so few gonads were 
examined in this way, it cannot be said with 
certainty that gender incongruity between 
somatic and germinal elements (partial sex 
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inversion) did not occur, or that some un
developed females were not misidentified as 
males. Glenn and Mathias (1988) also used 
histological vertification. 

Immersing walleye fry in solutions of 
sex steroids had no discernible effect on 
sexual phenotype, based on the resulting sex 
ratios. Immersion treatments had also failed 



Table 4. Sex of young-of-the-year walleye collected in fall from rearing ponds in 
Minnesota. Sex ratios were tested for goodness-of-fit with a 1:1 ratio. 

Pond Spawn Spawn Number Percent 
number Year sourcea rnethodb sexed males 

1 1983 s d 60 72 * 
2 1983 s d 33 45 
3 1983 s d 56 75 * 
4 1983 s d 132 52 
5 1983 E w 93 42 
6 1983 E w 60 50 
7 1983 s d 104 50 
8 1983 s d 177 53 
9 1983 s d 53 47 

10 1983 s d 111 56 
11 1984 s d 89 60 

3 1984 s d 85 29 * 
2 1984 s d 213 54 

12 1984 s d 196 48 
5 1984 s d 170 50 

13 1984 s d 441 42 * 
7 1984 s d 422 49 

12 1985 s d 72 64 * 
6 1985 s d 463 51 
5 1985 s d 175 48 

14 1985 E w 92 89 * 
15 1985 E w 126 58 
16 1985 E w 46 70 * 

4 1986 s d 149 52 
3 1986 s d 343 52 

12 1986 s d 437 52 
6 1986 s d 144 54 
7 1986 F,E d 116 46 
5 1986 F,E d 101 44 

17 1986 F,E d 86 48 
18 1987 s d 83 71 * 
19 1987 s d 36 67 
20 1987 s d 128 49 
21 1986 F d 71 @ 52 
22 1986 F d 73 62 
23 1986 F d 67 39 
24 1986 F d 75 57 
25 1986 F d 75 43 
26 1986 F d 70 50 
27 1986 F d 75 47 
22 1987 G w 83 80 * 
26 1987 G w 209 53 
28 1987 G w 203 54 
29 1987 D d 242 53 
30 1987 D d 200 50 
31 1987 D d 199 49 
22 1988 F d 194 63 * 
26 1988 F d 240 55 
30 1988 D d 200 46 
31 1988 D d 206 35 * 
32 1988 G w 194 53 
33 1988 G w 86 59 
34 1988 G w 195 77 * 
35 1988 s d 109 61 * 
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Table 4. Continued. 

Pond Spawn Spawn Number Percent 
number Year sourcea methodb sexed males 

7 1988 s d 104 59 
3 1988 s d 106 53 

19 1988 s d 112 41 
6 1988 s d 103 42 

36 1989 D d 195 52 
22 1989 F d 264 56 
37 1989 E w 123 52 
38 1989 s d 85 52 
39 1989 s d 95 62 * 

3 1989 s d 118 57 
2 1989 s d 126 53 
7 1989 s d 102 54 
6 1989 s d 122 55 

40 1989 B,F,D d 101 74 * 
19 1989 B,F,D d 52 85 * 

B Bemidji, D = Detroit Lakes, E = Ely, F = Fergus Falls 
G = Grand Marais, S = Spicer. 

b d = semi-dry-pan method, w = wet-pan method. 

* Chi-quare (Yates continuity correction, 1 df) > 3.841, 
p < 0.05. 

to control sex of yellow perch fry (T. B. 
Kayes, Department of Food Science, Uni
versity of Wisconsin, Madison, WI, personal 
communication 1987). Differences in egg 
size and developmental rates may explain 
why this technique was effective for salmon 
(Hunter et al. 1986) but not for walleye. 
Compared to coho and chinook salmon, 
walleye eggs are smaller, and smaller fry 
(measuring about 6-8 mm total length) hatch 
after a shorter incubation time. Through the 
time that the yolk sac is absorbed (1 week 
post-hatch for walleye, 2-3 weeks post-hatch 
for salmon), the walleye is developmentally 
more primitive and the gonads are not suffi
ciently advanced to be influenced by the 
hormone, in contrast to the salmon (T. B. 
Kayes, personal communication 1987). 

Several non-salmonid fishes have been 
sex-inverted by treatments oflonger duration 
administered to older fish. In yellow perch 
that were sex-inverted by Malison et al. 
(1986), somatic elements of the gonads had 

. already begun to differentiate when the 84-d 
diet treatment was begun at 20-35 mm total 
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length, though gametogenesis was still influ
enced. Similarly, hormonal control of the 
sex of largemouth bass was achieved by 
Garrett (1989) with a treated diet adminis
tered from 5 weeks (20-30 mm standard 
length) to 11 weeks of age. Davis et al. 
(1990) feminized channel catfish by includ
ing steroid in the diet for 21 dafter yolk-sac 
absorption, but feeding the diet for less than 
12 d was ineffective. 

Hormonal control of sex in walleye may 
require that treatments occur during an 
analogous age or size interval. Olson (1968) 
found that ovaries and testes were morpho
logically distinguishable by the time walleye 
were 40 mm long and 50 d old, which 
occurred by mid-June in the 1987 study 
ponds. Inversion of germinal tissue might 
be accomplished after this date, however, as 
for yellow perch. 

Pond temperatures are obviously influ
enced by basin morphology, as it affects 
stratification, in addition to day of the year 
and latitude. In early June 1988, Bradbury 
Pond was the warmest of the four. monitored 



Table 5. Year-to-year consistency of sex ratio of 
young-of-the-year walleye collected in 
fall from Minnesota rearing ponds: results 
of chi-square tests for heterogeneity. 

Pond 

2 
3 
4 
5 
·5 
7 

12 
19 
22 
26 
30 
31 

a Degrees 

Sex ratio is significantly different in at 
least one year when P < 0.05. 

Number Overall 
of yearsa chi-square p 

3 0.7639 0.6825 
5 30.35 0.0000 
2 0.0195 0.8890 
4 2.109 0.5501 
5 4.876 0.3003 
5 4.800 0.3085 
3 5.032 0.0808 
3 29.15 0.0000 
4 15.33 0.0016 
3 0. 4671 0.7917 
2 0. 8110 0.3678 
2 7.919 0.0049 

of freedom number of years - 1. 

Table 6. Large lakes in Minnesota receiving little or no stocking 
for which sex of young-of-the-year walleye was identified. 

Lake Lake Surf ace Maximum 
number name Location a area (ha> depth <ml 

1 Leech Walker 45,135 46 
2 Lake of the Woods Baudette 128,294 66 
3 Cass Bemidji .6' 312 37 
4 Upper Red Bemidji 43,640 6 
5 Mille Lacs Aitkin 53,629 13 

a MN DNR Fisheries Management Area Headquarters. 

ponds. As of July 31, its epilimnion had 
accumulated more temperature units than 
Stammer Pond, which is located farther 
south, but which does not stratify. Bradbury 
Pond is nearly surrounded by wooded hills, 
and is relatively sheltered from the wind, 
whereas Stammer Pond is in open prairie. 

In both 1987 and 1988, the maximum 
temperature difference between monitored 
ponds was equal to or greater than 3 ° C. 
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This amount, and the range of temperatures 
observed, was sufficient to influence the sex 
ratio of Atlantic silverside in experiments by 
Conover and Heins (1987). Failure of the 
Waterville Area ponds to produce walleye in 
1987 prevented analysis of the sex ratio 
effect of this southern stocking location. 
The apparent high mortality may have re
sulted from temperatures exceeding 34 ° C 
(Hokanson and Koenst 1986) or predation 



Table 7. Sex of young-of-the-year walleye from large Minnesota 
lakes receiving little or no stocking. Sex ratios 
were tested for goodness-of-fit with a 1:1 ratio. 

Lake Collecting Number 
number Year gear a sexed 

1 1983 s 304 
1 1984 s 1S9 
1 1984 T 60 
1 198S s 37S 
1 1986 s 40S 
1 1986 T 149 
1 1987 s 268 
1 1987 T 60 
1 1988 s 79 
1 1988 T 208 
1 1989 s S2 
1 1989 T 97 
2 1987 G lSO 
3 198S s 19S 
3 198S T S6 
3 1986 s 136 
3 1987 s 84 
3 1988 T S4 
3 1989 s 7S 
3 1989 T 119 
3 1989 E 66 
4 1984 s 168 
4 198S s 3SO 
4 1989 s 99 
4 1989 E 40 
s 1988 G 66 

a s seine, July-August. 
T trawl, August. 
E electrof ishing boat, August. 
G gillnet, fall. 

b M (male) entries indicate chi-square 
correction applied, 1 df) > 3.841, 

by other species. 
There is tentative evidence of a positive 

relation between temperature units and sex 
ratio in 1988, but no relation is apparent in 
1987. The rearing temperature record for 
1988 is more accurate, because continuously 
recording thermographs were used and strat
ification confounded the data to a lesser 
degree. The range in temperature units is 
also slightly greater. In addition, the age 
interval for which data were available corre
sponded better in 1988 (age 17 d to age 77 
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p 

Percent Dom ii ant 
male sex 

S3 
44 
S2 
52 
S3 
S2 
48 
43 
61 
Sl 
46 
41 
S6 
S2 
61 
S2 
39 
43 
Sl 
61 M 
S9 
67 M 
S8 M 
S2 
SS 
so 

(Yates continuity 
< o.os. 

d) to the period when yellow perch sex was 
inverted (Malison et al. 1986) than it did in 
1987 (age 9 d to age 50 d). Taken together, 
these differences give greater credibility to 
the positive relation between temperature 
units and percent males observed in 1988, 
save for the fact that only three data points 
are available. This correlation is consistent 
with field observations of the tidewater and 
Atlantic silverside and experiments with the 
Atlantic silverside (Middaugh and Hemmer 
1987; Conover and Heins 1987). 



Table 8. Significantly different lengths (mm) of female and male y-o-y walleye collected in 
fall, 1983-1989, from rearing ponds in Minnesota. Differences were not significant 
(P > 0.05) in 57 collections not listed. 

Female Male 
Pond Year Mean SE Mean SE T df p 

2 1984 125.8 0.69 123.4 0.63 2.56e 211 0.011 
3 1988 128.9 1. 95 124.3 0.98 2 .13u 58.5 0.037 
7 1984 103. 8 0.34 102.7 0.36 2.12e 420 0.032 
7 1989 105.6 1.10 101. 6 0.96 2.74e 100 0.007 
8 1983 147.3 1. 65 143.1 1. 38 1.96e 176 0.049 

11 1984 146.2 2.29 139.S 1. 69 2.42e 87 0.017 
15 1985 121. 6 3.68 112. 6 2.82 1.97e 124 0.049 
31 1988 120.8 1.08 117 .2 1. 21 2.22U 170.9 0.026 
37 1989 133.3 1.08 129.1 0.95 2.95e 121 0.004 
39 1989 119. 4 1.47 114. 7 0.95 2.8oe 93 0.006 

e variances equal. 
u variances unequal. 

Table 9. Significantly different weights (g) of female and male y-o-y walleye collected in 
fall, 1983-1989, from rearing ponds in Minnesota. Differences were not significant 
(P > 0.05) in 53 collections not listed. 

Female Male 
Pond Year Mean SE Mean 

2 1984 14.4 0.25 13.4 
7 1989 8.4 0.30 7.3 
8 1983 23.5 0.99 21.1 

11 1984 23.9 1.28 20.1 
12 1986 5.2 0.08 5.6 
31 1988 13.7 0.69 11.9 
32 1988 18.7 0.32 17.6 
37 1989 18.2 0.42 16.4 
39 1989 13.4 0.54 11. 6 

e variances equal. 
u variances unequal. 

Potential inaccuracies in the temperature 
units in 1987 might' mask a relatively high 
value in Bradbury Pond that would corres
pond to its high proportion identified as 
males. Walleye may have been more re
stricted to the epilimnion than in other 
ponds, being excluded from the cooler 
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SE T df p 

0.22 2.86e 211 0.005 
0.23 2.81e 100 0.006 
0.68 2.oou 150.4 0.045 
0.91 2.48e 87 0.015 
0.10 -3.05u 424.5 0.003 
0.46 2.22U 202.4 0.026 
0.37 2.34e 191 0.019 
0.37 3.16e 121 0.002 
0.30 2.90u 57.2 0.005 

depths by lack of oxygen. Fry in Miller, 
Monson, and Babcock Ponds may not have 
been so confined, and thus may have been 
exposed to fewer temperature units than 
indicated in Table 1. 

When size of the sexes differed signifi
cantly in this study's rearing pond survey, 



females were nearly always longer or heavi
er (18 of 19 such cases), though such differ
ences were slight. Olson (1968) stated that 
growth rates of the sexes did not differ in 
their first summer, and Glenn and Mathias 
(1988) stated that neither sex was consis
tently larger. Malison et al. (1988) demon
strated in the laboratory that female yellow 
perch grew significantly faster than males by 
consuming significantly more ration and 
converting it with significantly greater effi
ciency. Slightly faster first-year growth by 
female percids may be evidence of their 
greater reproductive need for large size, as 
for silverside, but may be independent of 
rearing temperature. 

Life history differences suggest that 
temperature-dependent environmental sex 
determination would be less adaptive for 
walleye than for silverside. Atlantic silver
side reproduce at age 1 and tidewater silver
side may reproduce in their first year. 
Because increasing body size yields a pro
portionate! y larger increase in egg number 
than sperm number, Conover (1984) argued 
that it is adaptive for silverside to respond to 
temperature cues about the remaining length 
of the growing season and resultant potential 
body sizes by producing more females early 
in the season and more males late in the 
season. There would seem to be less selec
tive advantage for a first-season divergence 
of growth between male and female walleye, 
since the age of maturity in Minnesota is at 
least two for males and three for females 
(Thorn 1984; S .E. Persons, MN DNR, 
Grand Marais, MN, personal communication 
1991). Because more growing seasons 
occur before maturity, any first-season 
adaptive response of walleye sex ratio to 
temperature would probably be less drama
tic. 

Sex ratios of y-o-y walleye varied great
ly from pond to pond, and from year to year 
for the same pond, in this study's survey. 
When sex ratios differed significantly from 
1: 1, males were usually more numerous (13 
of 16 such cases). Males composed 53 % of 
all fish sexed from the rearing ponds. These 
results are similar to Olson's (1968), but are 
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less extreme. Glenn and Mathias' collec
tions (1988) were somewhat different: fe
males usually outnumbered males, resulting 
in 48.2 % males overall (not significantly 
different from 50% ). The lack of hetero
geneity among their collections is probably 
the result of smaller sample sizes (20-99, 
compared to 45-313 for Olson, and 33-463 
in this study). Recent sex ratio data from 
large Minnesota lakes are similar to the 
pond data, whereas the two previous studies 
found either no difference from a 1: 1 ratio 
or a predominance of females. 

Bradbury Pond (pond no. 22) is note
worthy in that males were more numerous in 
all four collections (significantly in two, 
borderline in another). Additional tempera
ture and sex ratio data are needed to verify 
if a relation exists between this pond's tem
perature pattern and its apparent trend to
ward males. 

When collections were pooled into 
groups by pond location and spawn source, 
heterogeneity within each group indicated 
the presence of significant sex ratio differ
ences within management areas, even when 
the spawn source was the same. It was 
therefore inappropriate to test the pooled 
ratio of each group for goodness-of-fit with 
a 1 : 1 ratio, or to test for differences in 
pooled ratios among the groups. We had 
expected percent males to increase from 
north to south, and when northern spawn 
was used, but could not now test these 
hypotheses. Thus no probability statements 
can be made regarding the relation between 
sex ratio and pond location or spawn source. 
The pooled sex ratios are presented in Table 
10 as an unqualified summary in the interest 
of detecting trends, and in doing so, Brad
bury Pond has been deleted from the data set 
(because it seems to produce males in higher 
proportions than other ponds in the same 
management area). Percent males increased 
from Detroit Lakes southward and when 
spawn was obtained from management areas 
north of the pond. It appears that ponds in 
southern areas are most likely to produce 
excess males, especially when eggs are 
received from more northern areas. This 



Table 10. Summary of sex ratios of young-of-the-year walleye collected from rearing ponds 
in Minnesota, fall 1983-1989. Data are grouped by location of pond and spawn 
source. Bradbury Pond in the Fergus Falls Area was omitted because it 
consistently produced males in higher proportions than other ponds in the area. 

Number of Young-of-the-year walleye 
Pond Spawn pond-year Number Number Percent 
locationa source collections sexed of males males 

Detroit Lakes local 6 1242 592 47.67 
Fergus Falls local 7 673 339 50.37 
Fergus Falls northern MN 2 412 221 53.64 
Spicer local 36 5554 2870 51.67 
Spicer northern MN 10 873 513 58.76 
Waterville northern MN 4 598 368 61.54 

a MN DNR Fisheries Management Area Headquarters, north to south. 

pattern is consistent with, but does not 
prove, the phenomenon of temperature 
control of walleye sex. Additional data 
should be collected from extreme northern 
and southern areas to verify these trends. 

Several events related to life history and 
behavior could explain some of the variation 
observed in sex ratios, but would be unlikely 
explanations for the the above trends. Dif
ferential incubation times, or segregation of 
fry in hatchery or distribution tanks, could 
cause varying sex ratios in dipped lots of 
fry, and, hence, in pond sex ratios. Such 
events have not been investigated. Segrega
tion of the sexes in the pond could result in 
sex-selective harvest methods and inaccurate 
sex ratios. This has not been reported for 
y-o-y walleye, and is unlikely when ponds 
are seined, as in some male-dominated 
collections seen by Olson (1968). 

Because pond temperature follows the 
same north-to-south trend as that apparent 
for sex ratio, it is implicated as a factor 
controlling sex ratio., The apparent increase 
in percent males when northern spawn is 
used may also result from temperature con
trol, since northern runs are later and local 
ponds receiving northern fry are warmer 
than when local fry were stocked. Thus, the 
location of the rearing pond and the date of 
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stocking directly affect rearing temperatures 
and may affect sex ratios. It is possible that 
a genetic factor exacerbates the hypothesized 
temperature effects, whereby northern stocks 
are adapted to cooler temperatures and are 
more affected than southern stocks by the 
warmer temperatures of southern ponds. 

Two mechanisms by which temperature, 
or some other aspect of the pond environ
ment, may control sex ratio are sex-selective 
mortality and sex inversion. An alternative 
mechanism for the effect of northern spawn 
may be varying spawning conditions among 
management areas. From Detroit Lakes 
southward variations of the dry-pan method 
are used to take spawn and fertilize eggs, 
whereas the wet-pan method is used in Ely 
and Grand Marais. In the strict dry-pan 
method eggs and milt are mixed together 
before being activated by addition of water, 
whereas in the wet-pan method they are 
extruded together into water. Details of the 
spawning methods, as well as water quality 
and anti-clumping agents used, also vary 
among management areas. If walleye are 
digametic, then the wet-pan method could 
produce excess males if it favors fertilization 
by male sperm. 

The wet-pan method produced all the 
pond-reared fish sexed by Olson (1968). 



Since then most management areas changed 
to a "semi-dry-pan" method, whereby some 
water unavoidably enters the pan. When 
data from this study are grouped by spawn
ing method, semi-dry-pan and wet-pan 
groups are nearly equivalent to local and 
northern spawn groups, respectively (Table 
4). For the semi-dry-pan method males 
composed 51.7% of 8,456 fish sexed from 
57 collections. For the wet-pan method 
males composed 60.3% of 1510 fish sexed 
from 12 collections, which is closer to Ol
son's results (61.9% males). This suggests 
that the wet-pan method produces relatively 
more males than the semi-dry-pan method, 
and may partially explain differences among 
studies, though there are additional uncon
trolled variables. 

Stocking a lake with excess male wall
eye could have various effects on the sex 
ratio of the lake's population, depending on 
the cause of the excess and the relative 
amount of natural reproduction in the lake. 
Stocking excess genetic males (resulting 
from sex-selective fertilization, harvest, or 
mortality) would increase the proportion of 
males in stocked year-classes only. If com
plete sex reversal has occurred, altering 
homogametic genetic females to reproduc
tively functional males, then matings with 
normal females may produce excess female 
offspring; ratios could vary among year
classes with dominance by males or females. 
Kayes (personal communication 1987) 
stressed that the sex inversion achieved for 
yellow perch was anatomical and histologi
cal, not necessarily functional. There have 
been no long term studies to learn if sex
inverted yellow perch (or walleye) behave 
during spawning in a manner that is effec
tive and consistent with their germinal tis
sue, even though their gametes are fertile. 

This study's overall result of 53 % males 
would seem to cause little functional change 
in a population compared to 50%, but the 
more extreme proportions seen in some 
ponds, and overall by Olson (1968), might 
do so. Lakes are usually stocked with y-o-y 
from several ponds, so that an extreme ratio 

19 

from one pond might be countered by oth
ers. The slightly greater size of females 
might afford them a survival advantage 
(Forney 1966; Chevalier 1973) that would 
tend to offset the effects of male-dominated 
stocking. 

Conclusions 

Several conclusions can be drawn from 
this study. Males tend to be slightly more 
numerous than females in collections of yoy 
walleye from Minnesota rearing ponds, 
composing 53 % of all fish sexed in this 
study. Collections from large lakes receiv
ing little or no stocking have sex ratios that 
are roughly similar to those from rearing 
ponds. Sex ratios are highly variable from 
pond to pond, and from year to year for any 
one pond, but males predominate more often 
than females. The proportion of male pond
reared walleye that is males tends to increase 
from Detroit Lakes southward, and when fry 
originating from management areas north of 
the pond are stocked, though statistics were 
not applied to this trend. Pond temperatures 
increase from north to south, but are also 
affected by basin morphology. Rearing 
temperatures may have an effect on sex 
ratio, higher temperatures yielding more 
males. The wet-pan method of taking spawn 
may produce relatively more males than the 
dry-pan method. Immersing fry in solutions 
of sex steroids will not control the sex of 
walleye. When the sexes differ in size 
during their first year, it is most often the 
females that are larger. 

Management Implications 

This study provides a perspective on the 
control of walleye sex ratios, highlights 
potential problem areas, and offers at least 
partial solutions. 

The current walleye culture and stocking 
program of the MN DNR probably does not 
cause the overall sex ratio in stocked lakes 
to differ from that of lakes where natural 
reproduction maintains the population. 



Management areas using the wet-pan 
spawn talcing method may produce excessive 
numbers of males, causing excess males in 
rearing ponds and stocked lakes. This can 
be roughly verified by sexing y-o-y walleye 
from rearing ponds in these areas, or tested 
by controlled comparisons made between 
wet-pan and dry-pan methods. If the effect 
is proven, then a change to the semi-dry-pan 
method now used in most areas might be 
recommended to produce sex ratios more 
like those of natural lakes. 

Lakes in southern portion of the state 
may be regularly receiving excess males as 
a result of temperature (or other 
environmental) effects or wet-pan spawning, 
or both. 

Stocking a lake with y-o-y walleye from 
several ponds may help to produce a bal
anced sex ratio of stocked fish. This is the 
usual practice. 

Obtaining spawn locally and early in the 
season rather than from later spawning runs 
in northern areas may minimize the excess 
males stocked into southern lakes. This is 
not always practical. 

The effect of stocking more males than 
females on the sex ratio of a lake's walleye 
population will depend upon the mechanism 
producing the excess males, the relative 
mortality of each sex, and the amount of 
natural reproduction. If mortality of females 
equals or exceeds that of males and there is 
relatively little natural reproduction then 
males will predominate. 

Sex of walleye cannot be controlled by 
immersing fry in solutions of sex steroids. 

It may be possible to control the sex of 
walleye by adding sex steroids to the diet in 
intensive culture. This would not be practi
cal on large scale that characterizes 
Minnesota's extensive walleye culture pro
gram. 
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